The GTP-binding protein Go was localized immunohistochemically in the rat parotid gland and in other exocrine glands with specific Go antibodies. Immunohistochemical studies revealed that affinity-putified Goa polyclonal antibody (G0185) immunoreacted primarily with duct cells of the rat parotid gland; immunoreactivity was also noted in duct cells of the rat submandibular, mouse parotid, and mouse submandibular glands. Light labeling of rat parotid and submandibular gland acinar cells was also noted. Goa antiserum (9072) differing in specificity for epitopes within Goa produced similar results. This antiserum also immunoreacted with rat submandibular duct cell secretory granule membranes. In contrast, in rat and mouse pancreas Goa antibodies immunoreacted primarily with islet cells. Duct cells were negative but there was light labeling of rat pan-
Introduction
Agonists stimulate secretion via two major signal transduction pathways in exocrine glands. One involves cyclic AMP, and the other involves phosphoinositide (PI) turnover and the generation of IP3, calcium, and diacylglycerol (Aub and Putney, 1984; Bdolah and Schramm, 1965) . Guanine nucleotide-binding proteins (G-proteins) couple hormonal stimuli to these second messenger systems in a variety of tissues including salivary glands (Xylor et al., 1986; Gilman, 1984) . These proteins are heterotrimers comprised of a-, b-, and y-subunits. A family of these G-proteins has been recognized including transducin, Gi, Gs, and Go, and at least 16 genes have been identified that encode distinct a-subunits (Lochrie and Simon, 1988) . Antibodies to the a subunits have been prepared and utilized to identify G-proteins in a host of tissues (Milligan, 1988) . In exocrine glands, Schnefel et al. (1990) utilized immunoblot analysis to show that G-proteins are expressed in purified rat pancreatic acinar cell plasma membranes. More recently, G-proteins were identified in rat parotid plasma membrane-enriched and isolated secretory granule membrane fractions. Plasma membranes expressed a number of G-proteins including Gsa, Gial/a, Gia3, and Go. Gs was creatic acinar cells. The apparent duct specificity of Goa staining was further verified by demonstrating that Goa antibodies immunoreacted with HSG-PA cells, a human transformed salivary duct cell line. Specificity in immunohistochemical labeling of HSG-PA cells was confimed by Western blot analysis. The results demonstrate that Go appears to be selectively expressed in the duct cells of rat parotid gland and other salivary glands. The selective enrichment of Go in duct cells suggests that this G-protein plays an important role in duct cell physiology. the major G-protein in the secretory granule membrane (Watson et al., 1992) . The presence of Go in pancreatic (Schnefel et al., 1990 ) and salivary cells (Watson et al., 1992) is of interest because Go is poorly expressed in peripheral tissues (Asano et al., 1987; Toutant et al., 1987) . Little information is available regarding the localization of G-proteins such as Go in tissues including exocrine glands. However, Go has been localized in rat brain, the tips of PC12 cell processes, and rat ependymal cells (Strittmatter et al., 1990; Peraldi et al., 1989; Worley et al., 1986) . In rat pancreas, immunohistochemistry revealed that Go is present in islet cells but not in acinar or duct cells (Terashima et al., 1987) . In the present study Goa was localized only in duct cells of salivary glands by immunohistochemistry, and therefore Go may represent a selective G-protein in these glands.
Materials and Methods
Tissue Specimens. Tissue specimens were obtained from male mouse and rat parotid, submandibular glands, and pancreas. Glands were sliced into smaller fragments and placed in 10% buffered formalin at room temperature (RT) for 24 hr. Each specimen was processed for paraffin embedding, sectioned, and stained with hematoxylin and eosin following standard procedures. Unstained 5-pm sections were also prepared for immunohistochemical staining.
HSG-PA Cultured Cells. HSG-PA cells were derived from an irradiated human submandibular salivary gland (Sato et al., 1984; Shirasuna et al., 1981) . These cells were maintained in minimum essential medium with Earl's balanced salt solution and Ham's F12 medium (Biofluids; Rockville, MD) mixed 1:1. This medium was supplemented with 10% fetal calf serum, 2 mM/ml glutamine, 100 U/ml penicillin, and 100 mglml streptomycin. Cells were fed twice weekly. Cell cultures were trypsinized with 0.05% trypsinl0.53 mM EDTA and the isolated cells were seeded at approximately 4000 cells/cm2 in multiwell chamber slides (LabTek; Nunc, Naperville, IL) for 48 hr before immunocytochemical staining.
Immunohistochemical Staining. Deparaffinized tissue sections of parotid glands, submandibular glands, and pancreas from both mouse and rat were washed with PBS and incubated with blocking solution (Zymed; San Francisco, CA) for 10 min to reduce nonspecific staining, then washed with PBS. To reveal G-proteins, mouse parotid and pancreas sections were treated with proteinase K 10 mg/100 ml (Calbiochem; San Diego, CA) in CaZ+-and Mg2+-free PBS for 5 min. mouse submandibular sections for 10 min. and rat tissue sections for 20 min. Tissue sections were rinsed in Ca2+and Mgz'-free PBS and incubated for 1 hr at 37°C with Goa antiserum (1:200 dilution) in Ca2+-and Mg2'-free PBS plus 1% BSA. They were then washed extensively with PBS at RT and antibody was detected with the Zymed Histostain-SP rabbit IgG Kit, which consists of biotinylated anti-rabbit IgG and streptavidin covalently linked to horseradish peroxidase. The substrate-chromogen combination used in the kit is peroxide and aminoethylcarbazole. Coverslips were mounted with GVA mounting solution (Zymed).
Immunocytochemical Staining. HSG-PA cultured cells were fixed with 2% buffered formalin for 10 min at RT. Cells were washed with PBS and blocked with azide solution for 10 min. washed with PBS, and incubated with Goa antiserum (1:400 dilution) overnight. These cells were not treated with proteinase K as were the tissue sections. The remaining steps were followed as described above.
Both tissue sections and cultured cells were viewed and photographed with a Nikon Microphot FX light microscope. Specificity of immunolabeling was confirmed by negative staining of sections in the absence of primary antibody, with normal rabbit IgG or normal rabbit serum (Sigma; St Louis, MO) as the primary antibody.
Preparation of HSG-PA Crude Membranes and Cytosol. HSG-PA cells were suspended in homogenization bdfer (Robinovitch et al. 1975 ) containing 0.3 M sucrose, 0.002 M E m , and 0.2 pg/ml N,N-diphenyl-pphenylenediamine (DPPD), pH 7.5, and sonicated three times with 5-sec bursts. The cell suspension was centrifuged at 50 x g for 2 min to remove unbroken cells, nuclei, and large fragments. The supernatant was centrifuged at 48,000 x g for 30 min. The resulting pellet contained the crude membranes. The supernatant was further centrifuged at 100,000 x g for 1 hr and the resulting supernatant represented the cytosolic fraction. The crude membrane pellet was suspended in 100-200 pl of buffer containing 10 mM Tris-HC1 (pH 7.5), 10 mM MgC12, 0.3 pM aprotinin, 0.5 pglml leupeptin, 0.1 mM PMSF, 0.7 pg/ml pepstatin. 1 mM benzamidine, and 1.0 mM EDTA. The cytosol was concentrated and both fractions were stored at -70°C.
Immunoblot Analysis. Purified recombinant Goa. Gial, Gia), crude HSG-PA membrane and cytosolic proteins, and standard low molecular weight marker proteins were separated by SDS/PAGE according to the method of Laemmli (1970) in 1.5-mm thick pre-cast 10% Tris-glycine minigels (Novex; Encinatas, CA). The separated proteins were transferred to a PVDF filter for 90 min. The filter was blocked for 60 min in 0.1% Tween-20, 100 mM Tris-HC1 buffer, pH 7.6 (TTBS) containing 5% non-fat dry milk, washed three times in TTBS alone, and incubated overnight at 4°C with Goa 9072 antiserum diluted 1:lOOO. Antibody binding was detected by the enhanced chemiluminescence (ECL) method using HRPconjugated donkey anti-rabbit IgG (Amersham; Arlington Heights, IL) diluted 1:2000.
Affinity-purified Goa polyclonal antibody (GOl85) was generously supplied by Dr. Allen Spiegel (NIDDK, NIH, Bethesda, MD). Crude Goa antisera (GC/2) was obtained from Dupont, New England Nuclear (Boston MA), and crude Goa antiserum (9072) 
Results
Previous results demonstrated that rat parotid plasma membraneenriched fractions immunoreacted to both affinity-purified (GO/85) and crude (GC/2) Goa antibodies (Watson et al., 1992) . Because Go is poorly expressed in peripheral tissues (Asano et al., 1987; Gierschik et al., 1986) , experiments were designed to localize Go in the rat parotid gland and other exocrine glands.
Rut Parotid Gland
Immunohistochemical analysis of rat parotid gland sections with affinity-purified polyclonal Goa antibody (G0185) revealed labeling primarily of striated ducts (Figure la) . Granular labeling was primarily in the luminal portion of cells. Control rat parotid sections, i.e., incubated with 20 pg/ml normal rabbit IgG, were negative, as were controls from the other tissues examined. Acinar cells showed very light diffuse basal labeling. Specificity of labeling, particularly of acinar cells, was determined with Goa antiserum (9072), which differed in its specificity for epitopes within Goa. As shown in Figure lb, Goa antiserum (9072) stained duct cells. However, in contrast to results obtained with GO185 antiserum, the labeling was found at the basolateral surface of the cells. Acinar cells were also lightly labeled. Normal rabbit serum controls were negative. Because Goa polyclonal antibody (G0/85) crossreacts to some extent with Gia-subunits (Watson et al., 1992) , crude Goa antiserum (GC12), which does not crossreact with other a-subunits (Watson et al., 1992) , was also examined. GC12 antiserum produced results similar to those obtained with the affinitypurified polyclonal antibody (data not shown). These data and data from Figures 2-4 are summarized in Table 1 .
Other Exocrine Glunds
Rat submandibular ducts were also labeled with affinity-purified Goa polyclonal antibody G0/85. Labeling was apparent throughout the cytoplasm but was most prominent at the luminal surface of the cell (Figure 2a ); light labeling of acinar cells was noted. Similar results were obtained with Goa antisera (GC/2 and 9072); however, labeling of duct cells with Goa antiserum 9072 was most prominent at the basolateral and luminal surfaces of the ducts (Figure 2b) . In addition, labeling at the surface of duct secretory granules was observed. Immunohistochemical analysis of mouse parotid and submandibular gland sections with affinity-purified Goa polyclonal antibody revealed labeling of the salivary gland ducts and no labeling of the surrounding acinar cells (Figures 3a and 3b) . Staining of the mouse parotid gland ducts was more diffuse, whereas the submandibular gland duct cells demonstrated basal labeling with less staining in the cytoplasm and luminal region.
Both rat and mouse pancreas showed dense labeling of the islets of Langerhans with affinity-purified Goa polyclonal antibody (Figures 4a and 4b) . All cells in the islets appeared to be immunoreactive to the antibody. Duct cells of rat pancreas and duct and acinar cells of mouse pancreas were negative. Rat pancreatic acinar cells, however, showed light labeling.
HSG-PA CuZtured c e h
Immunohistochemical labeling of HSG-PA cultured cells demonstrated immunoreactivity to affinity-purified Goa polyclonal antibody G0/85 (Figure sa) . The labeling involved the cytoplasm as well as the nucleus. The latter demonstrated strong and uniform labeling, whereas the cytoplasm had a very delicate and lacy appearance. HSG-PA cells also immunoreacted to Goa antiserum 9072 but in this case the nuclei were not labeled (Figure 5b) . Specificity in immunohistochemical staining was confirmed by Western blot analysis with Goa antiserum 9072 which, unlike G0/85, does not crossreact with Gia-subunits ( Figure 6 ) and does not label the nucleus. As shown in Figure 6 , 9072 antiserum immunoreacted with a peptide in the crude membrane fraction at the same electrophoretic mobility as recombinant Goa used as a control. No reactivity was found in the cytosolic fraction. Rabbit normal serum, used as a primary antibody control, did not react with peptides of corresponding molecular mass in the fractions under identical immunoassay conditions (data not shown).
Discussion
A major finding of this study was that Go is selectively localized in ductal cells of salivary tissues. Unlike most G-proteins, Go is plentiful in cells of the central and peripheral nervous systems (Asano et al., 1987; Toutant et al., 1987) but is poorly expressed in peripheral tissues. However, Go is found in some peripheral tissues including heart (Mumby et al., 1986) , adenohypophysis , and kidney medulla (Huff et al., 1985) . Go in peripheral tissues is approximately 10% of the concentration found in brain. Although the tissue distribution of Go has been studied, the cellular and subcellular localization of Go is poorly understood, particularly in non-neural tissue. The results of the present immunohistochemical studies revealed that Goa antibodies immunoreacted with rat parotid duct cells. In addition, immunoreactivity to Goa antibodies also occurred in rat submandibular and mouse parotid and submandibular duct cells. The absence of Go in pancreatic duct cells, however, suggests that Go is not expressed in all exocrine duct cells but rather is selectively expressed in salivary tissues. Whether Go is present in other species or in other salivary glands, such as sublingual and minor salivary glands, is unknown. The finding that HSG-PA cells, a human duct cell line, also reacted with Goa antibodies suggests that Go is also expressed in human salivary tissues.
Previous immunoblot analysis revealed that rat parotid acinar plasma membranes immunoreacted weakly with crude Goa antise- , 1992) . These findings suggested either that Go was prcscnt in low levels in rat parotid acinar plasma membrane or that its presence might be the result ofcontamination by other organella. The latter possibility was unlikely, as the amount ofcontamination by other organelles was less than 0.4% (Arvan and Castle, 1982) . Data prcscntcd in Figurc 2a showing light staining of rat parotid acinar cells support the previously described immunoblot findings.
The detection of Go in rat pancreatic acinar cells ( Figure 4a ). and in isolated pancreatic acinar plasma membranes (Schncfcl et al.. 1990) is. however. in contrast to studies by Tcrashima et al. (1987) . who did not find Go in either pancreatic duct or acinar cells. In both our studies and those of Tcrashima et al. (1987) . affinitypurified antibodies were used. This diffcrencc may be due to the fact that we used proteinase K, which may have revealed G-proteins in the rat pancrcas as well as in rat parotid and submandibular glands. The lack of similar immunoreactivity in mouse acinar cclls may simply reflect a lack of sensitivity of this method to detect low levels of Go in these cclls. Analysis at the electron microscopic level may provide more definitive answers to this question.
The distribution of Go in salivary cells deserves further comment. Immunoreactivity to affinity-purified Goa antibody was found in the cytoplasm of all salivary gland duct cells mamined and in HSG-PA cells. In mouse submandibular gland, immunorcactivity was most prominent at the periphery of the duct cells. Similar localizations of Go have been noted for other cell types and ap--. . pear to be dependent on the C C I~ type (Bockaert et al., 1990) . -It aDDcan that the distribution mav alx, deDcnd on the antibodv used rum 9072 (diluted 1:lOOO) and donkey anti-rabbit IgG (diluted 1:2000) .
labeling may not be specific, as G, antiserum 9072, the spccific-ity of which was confirmed by Western blot analysis of an HSG-PA membrane fraction, did not produce similar results.
A second interesting finding was that Goa antiserum 9072 immunoreacted with duct secretory granule membranes of rat submandibular glands (Figure 2b) . Although Go has been identified in granule membranes from chromaffin and human neutrophil cells by immunoblot analysis. (Rotrosen et al., 1988; Toutant et al., 1987) , this is the first report demonstrating the presence and localization (immunohistochemistry) of Go in ductal cell granule membranes.
In summary, the major finding of these studies is the localization of Go in duct cells and in duct secretory granule membranes. These findings suggest that Go plays an important role in duct physiology. Salivary ducts function to modlfy the primary saliva secreted by the terminal secretory units. It is in the ducts that the reabsorption of sodium and chloride and secretion of potassium occur, and these processes are affected by a number of secretogogues. The recent detection in HSG-PA cells of ionic channels by electrophysiological patch-clamp methods (Izutsu, personal communication), the presence of muscarinic receptors in these cells (He et al., 1989) , and data indicating that muscarinic receptors can be coupled to activation of ion channels, i.e., K channels, in atrial cells (Yatani et al., 1986; Pfaffinger et al., 1985) support the possibility that Go is involved in the regulation of ion channels in duct cells. This is further supported by functional reconstitution studies in which Go was found to interact with several receptors, including muscarinic receptors (Kurose et al., 1986) . The physiological role of Go on ductal secretory granules, on the other hand, is unknown and will require further study.
